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70-T~ SFIIPP~ CASK STUDY

-OmTIm AWD S-Y

A studyhas beenmade to definesafe loadiosconfigurationsfor the 70-ton
CaSkewhen shippingbundlesof tubularfuelansemblies. The studyproduced
a universalset of shippingl.lmite t~t are applicableto a wide ra~e of
fueltypes,bundledesigns,and cask loedinss. Theseshippinghits are
givenin f-e 1 for 235u fueland in figure 2 for 239Pu fuel. Shipping
lhlts for currentfielassembliesare as fo~ows:
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In the past,safecask loadingconfiguratlonehavebeen detedned on en
individualbaeie for each new typeof fuelthat WS8 used. me univereal
Mts systm thatwas developedan a restitof this studyensuresthe aeace
degreeof eafetyfor fuelassembliesovera wide rangeof processvariables.
When appliedto currentfiel aesemblydeeigns,the new systefnconflrmnthe
adequacyof the preeentshippingrestrictions.

DISCU2.SI~

AnalyticalTechnique

The analyticaltechniqueused h this studywas to calculate~f for different
cask loadingconfisurationsusins estab~shed computerprogrm [Reference1).
Buckl@ and two-groupdiftislontheorymeters were obtainedfrm cell
calculationsperformedtith the ~tlgroup Bucklingcode (~B). These
parmtere were then employedh the Tuu-OrcupAnmicsl code (’ltiA)to cuiimte
the interactionbetweenrows of assemblies.Standardmethodswere used to
calcnlate &ff franthe outputof the cdes.

BasicCalcul.atione

Basiccalculationswere performedassumingWk XII-Adtiensions.These
fielcmoentrationswere variedfrws 50 tod~ensions are given‘n ~~~~~ 239& fuel

* g per foot for both . CorrespondingaUoy cmoeitiona
are given in TableII. Bundlescontilning3, b, 5, ~, and 7 we~~es ~
withthe assembliesin cmtact In the bundles,were considered.=h assembly
includedthreeconcentrictubularfuel el-enta. Threecask loadinsccnfigurations
were considered:

(1) Singlebundlesloadedintocaek clots1, 2, 3, 4, and 5.

(2) Singlebundlesloded into cask slots1, 2, 4, 5.

(3) SioslebundlesloadedInto cask slots1, 3, 5.

A standardcatiim partition(0.040in. of cadmium)clad h 8tablees eteel
(total0.250 in. of stainlesssteel)me assumedto be in placebetweeneach
slot. The centerto centerspacingbetweenslotsIs 5 inches. Vacantslots
were as-d to be filledtithwaterwith an tiflnitesea of -tar surrounding
all configurations.Resultsof thesecalculationsare shownin figures3-8 as
f01.lcws:
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Type of Fuel Cask SlotsUsed

23% 1,2,3,4,5

23~ 1,2,4,5

23% 1,3,5

239% 1,2,3,4,5

239% 1,2,4,5

23% 1,3,5
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Effectof AssemblyDimensions

Additional~ff calculationswere performedusingbothMark 16 end Uark ~-E
fieldimensionsto determinethe effectof assemblydtiensionson the calculations.
Thesedtiensionsare givenin TableIII. Alloy casposltionsare givenIn TableIV.
BothMark XII-Aand Mark 16 assembliesconsistof threeconcentric,cylindrical
fueltubes;htiever,the cross-sectionalarea of the fiel core of the Uark 16
assemblyis abmt k timesas largeas that of the Mark XII-Aassemblyand the
OD of the outerfuel tube is 3.700in. ccsnparedwith 3.561in. for the Mark XII-A.
A caeparisonof Mark XII-Aand 16 is sh- in figure9; it indicatesa slightly
highercalculated~ff forMark XII-Awhich is attributedto the difference
in aluinum contentbetweenthe assemb~es.

A si~~e ~ calc*tiCsl * made fithMark W-E nestedfuel dimensions.The
cross-sectonal area of the Wrk VI-E fuelcore (twonestedtubes)is about
twiceas largeas that of the Mark X=-A; the OD of the outerfueltube is
only 3.020in. ‘fhecalculationwas for the normalsituationof shipping5 nested
setsof tdark~-E fueltubesper bundlewith elnglebundletiin caek slots1, 3,
and 5. me stanwd fuelconcentrationof 22o g 235uper foot for a nestednet
of fieltubeswee used. Calculated~f f for thisarrayis 0.81 (thepoint
is plottedon figure9) casparedtith k.sff. 0.88assumingMark 16 dtiensions
and ~ff = 0.93assumingWrk XII-A dlmeneions.The lowerk obtainedwith the
Mark VI-E dimensions1s attributedto higherneutronleakagereeultlngfra
the emaLlerfielOD and the inherentw less reactivearrauement of fueland
mcderatortith two concentricfuel tubee casparedwl~ three. (Threeconcentric
fueltubesin watermore nearlyapproximatea hueogeneossmixtureof fueland
moderatorthando two,)

The foregoinganalysisindicatesthatthe basic calculationsthat=re made
using Mark XII-A dtiensioneresultIn calculatedk.sffvalueethattill not
be exceededfor currentfueldes~s or for tububr fuel deeignebeing
consideredfor the foreseeablefuture.
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Effectof SpUing of Ass=blies

Past studies(Reference2) indicatethat a @ll@t separationof aaseanblies
in a cask slot resultsin an increasein ~ff. This effect18 shwn in
figures 10 through13. It shouldbe notedthat a positiveeffect(increasing
keff)exists;k.epfIncreaaeatith fuel concentrationad reachesa max-
at approxtitel.y0.5 in. se~ration.

Caeparisonof Calculationswith ~ rtients

Duringthe pst severalyearsexponentialexperimentshavebeen performedwith
U-Al tioy tubularfuel elementsin waterto providea basis for the nuclear
criticalityeafetyspecificationsfor theseelazentu(Referenae3).
Correlationsof the resultsof theseexpertientsvith &ff calouhtlone
perfomd with the combinationof - and ~A codeshavebeen @de. The
correlationshavebeen expressedin tenzeof a ~ff calculatedfor the
steadystateexpertintalconditionsand are shownin figure14. If
experimentaland calculatedreaultaagreedexactly,~ff wculdbe unity. A
valuegreatert- unity indicateethe calculated~ff in greaterthan the
experimental~ff - a conservativecondition. It sh~ be notedtkt in all
casesthe calculationsdo overestkte the reactivityfoundexpertientilly;
however,for most caeesthe differenceie less than 0.1 kSff.

Cask Mt Syat-

In definingthe caak Mt syata, it was firatassumedthat ~ configuration
for which~ff is calculatedto be one or greaterwouldbe critical. I’?ext
an ~owance of 0.013Ak is made for 23% fiel end an ~owance of 0.015Ak
is made for 239Pu fuelto accountforManufacturingtolerances.Most fuel
concentrationspecificationsare ~3$; theseall.owanceeaccountfor about+5$.
TheseLk allowanceswere detemined from figures3 and 6 using the ~
slope at &fr . 0.95. Allowancefor assemblyse~ation witiinbundlesis
shownin figure15 for 235u fieland f-e 16 for 239Pufuel. ~ese figures
wereplottedustigdata obtainedfrau fIgurea 10, U, M, and 13. Finally,
an a~owance of Ak = 0.02 is made for contingencies.~eae allmnces are
depictedin figure17 for 23% fiel and in figure1.8for 239Pufuel. me
lowestcurveshownon thesefi~res repreaent#the maximumcalculated&ff
thatwillbe pedtted.

!fheahippinglimitcurvesgivenin figure1 for 235u fueland in figure2
for 239Pufuelware cons-cted by caubiningthe &ff ltiitourves(figure17
for 235u fueland fisure18 for 239Pufuel)with the calculated~ff curves
(figures3 thrcugb8). 2afe caak loading configurationsare definedby the
regionto the leftof the bundleeper caak ltit curvesthat are givenin
figuree1 and 2. For example,asme that fuel elments containinginitially

[
unlrradiated)300 g 235(Iper footare to be bundled3 aesemblieaper bundle
the bundlesize IS determinedby otherconsiderations)end shipped. Fi~e 1
indicatesthat shi~nt of threebundleswr cask (in ~lote1. ~j 5) is -
penzisaible(the3~ g ~r

---- .
foot - 3 asstilies per“buntiepoint fallein the
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region to the left of the 3 bundlesper cask tilt curve);four or fivebundles
Mr caskwld be prohibited(thepointslie in the regionto the right of
both tie b and 5 bun~es per cask limitcurves). Figure1 also showsthat for
300 g 235uper foot fuelassemblies,the bundJ.esize is ltited to 4 assemblies
per bundleif 3 bundlesper cask are to be shipped. Five or more USemblies
per bundlegivepotitsthat fall in the regionto the rightof the 3 bundles
per cask limitcurve.

Cmparieon with CurrentShippingRestrictions

The llmitsdevelopedhere are in egreementtith the shippingltits currently
specified5.nstandardoperatingprocedures;no changesti the shippingmethods
now fouowed are necessary. The advantageW the new llmitsystemlies in
its inherentcontlnuity as new typesof fuelare developedand its elimination
of the neceseftyto exhaustivelyanalyzeeachnew case. The follawing examples
i~ustrate the agreaent of the new systemwith currentehipplngpractices:

(1)

(2)

(3)

Mark VI-Enestedfuel elements(220g 23% per foot)are bundled
5 nestedsetsper bundle;3 bundlesper cask(slots1, 3, 5) are

~titted ‘n ~re~nt ~th fisure1. keff for thisarrangement
will not exceed0.93 (figure5).

MarkXII-Aassemblies(85 g 23% per foot)are bundled4 aesemblles
per bundle;5 bundlesper cask (slots1, 2, 3, 4, 5) are permitted
in agreementwith figure1. &f f for thisarrangementwill not
exceed0.90 (figure3).

Mark vI.FSnestedFu-Altargetelements(1Z g totalR per foot)
sre bundled5 nestedsetsper bundle;3 bundlesper cask (slots1,
3, 5) are permittedh ~eement with figure2. ~ff for this
arr~ement till not exceed0.93 (figure8).

Applicationto New Types of fiel

fie followingexamplesillustratethe use of the new systemfor Mark 14 and
&k 16 assemblies(newtypesof fiel):

(1) Mark 14 assemblies(136 g 23% per foot)will probablybe bundled
b eesembllesper bundle(200-Areacriticalityy considerationswill
governthe bundlesize). Figure1 showsthat 4 bundlesper cask
(slots1, 2, 4, 5) willbe penaittedfor either4 or 5 assembly
bundles. For t~s arreng-nt ~ff will not exceed0.93 for 4
assembly bundLes and wII.Lnot exceed0.95 for 5 assemblybundles
(f-e 4). In the event 3 assemblybundlesam re~lred, figure1
showsthat 5 bundlesper cask (slots1, 2, 3, k, 5) will be permitted.
keff for thisarrangementtill not exceed0.96 (figure 3).
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(2) For~k16 assemblies(240g23% per foot)figure1 showsthat
shippingwillbe limitedto 3 bundlesper cask (slots1, 33 5) for
3, 4, 5, or 6 assembl.ybundles. The bundlesise for ~rk 16 fuel
will probablybe either3 or k ass~lies per bundleas dictated
by processcriticalityrestrictions.For this shippingarrangement,
ke will not exceed0.89 for 3 ass-ly bundlesand will not exceed
O.~ for h assemblybundles(figure5).

Evaluationand Applicationof Results

The followingit- thatpertainto en evaluationof the cal~tions end the
uee of the curvesdevelopedfra this studyshald be considered:

(1)

(2)

(3)

(4)

(5)

me nominalfuelconcentration(g of 235u or g totalPU per foot)
beforeirradiationin the reactorsshouldbe used for enteringthe
curves. Thie offersconservatismfor the no-l situationof shipping
irradiateduterial becausefissionablematerialis conmed in the
reactors,renderingthe materielI.esareactiveafter irradiation.
Under~1 circumetenceabundlesof unirradiatedor slightly
irradiatedmaterielmightbe shipped.

In the celeulationeuraniumas -lies m e assumedto be an alloy
Of ~Y (93.5% 2~5u, 1.0% 2.3L, 5.5% 2A) and dumi.men. In
practice,unirrediatedass-lice containvary-logemountaof 236u
becauseof the recycleprogram,but the 235u contentof a particular

~% affectsthe reactivit ~ slwtly; for axaeipke,c-pared with
of unirradiatedaesemblyr~ approximatelyconstant. The

oraIJ.oy,a 1:1 ratioof 2A to 235u-d have a ~ff aboutone
percentless for -k 16 aee~lies (Reference2). me n-l g 23%
per footbeforeirradiationehti be used for enteringthe ourves.

In the eelculatione,plutonim eee~liea wereaseuiuedto be en alloy
of 239Puand alumi-. 10 praotiee,plutoniumassembliescontain
varyingproportionsof individual~ isotopee,-e than me of
which ie ficeiornble.Asaumiegthat w of the phtonium is 239Pu
presentsthe Mst reactiveeituation;hence,for conservatism,the
g t- w per foot for aesdlies shouldbe takenaa g 239Puper
foot for enteringthe curvesin this document.

In definingthe caskMt syet-, no timce was made fw the
observedgeneraloverestimatiaof oaleulatedvaluesfor ~ff
c~red tith k,,ffdeterminedexperbntally (figure14). ‘fhis is
beeeueethe agreementwee very eloeefor scenecasee.

Honnelees~ly shnpesand arraysmre assumedfor all ealeulatione.
Distortionof arraysresultingfrmIphyeicaldemegeto tubesor
bundles(oruehing,bending,twisting,etc.) couldticreeeek.ff
drastically.
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(6) The limitsvsta developedin this decuntentis applicableto
assembliesin ourrentuse and to tubularassembliesbeingconsidered
for we foreseeablefature. If it becaes necessaryto ship
assemblieshavingODS ~eater thanthe Wrk 16 or consistingof
more than threeconcentrictuben,additionalcslculstionswill be
required.

CwT:gvb
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Nark XII-ATube Dimensions

Radius, cm

Imer Tube 2.7661

2.8169

2.8727

2.9413

MiddleTube 3.5674

3.6%2

3.6741

3.7376

titerTube 4.3701

4.4209

4.4717

4.5225

DPSP-68-l.140
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A. Uranim Alloy Cm altion - Mark XII-ADimenaiona

(Urtium aesumedto be 93.5$235u,l.@ 234u, 5.5%238o)

m ~M~ty~ ~/”3 ~ ~

50 3.081 15.40 84.60

lm 3.463 27.41 72.59

200 4.226 44.92 55.08

300 4.* 57.08 42.92

m 5.751 66.01 33.99

* 7.277 78.26 21.7h

B. PlutoniumAlloy C- sition- Wrk XII-ADlmanalons

(plutoniumassumedto be l@ 239~)

~ Density*g/~3 $ Plutonium j Aluminum

50 3.050 14.55 85.45

100 3.400 26.10 73.9

200 4.101 43.28 56.72

300 4.801 55.45 44.55

400 5.502 64.% 35.48

m 6.903 77.14 22.86
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TableIII

A. Mark 16 Tube Dtieneions

Radius, em

Inner ~be 2.B19

2.2835

2.5705

2.6467

Mti Tube 3.2893

3.3655

3.6525

3.7287

OuterTube 4.S12

4.4374

4.6228

4.6990

B. ~k VI-E Tube Dtienoions

Radius, m

InnerTube 2.6010

2.6772

2.9134

3.0175

Outer Tube 3.4747

3.55W

3.7592

U3”83’4



. .
,1’ ,“

April8, 19& DPSP-68-11~
m-ml

Table IV

Uraniumtioy Cmsition - Msrk 16 sod Wrk VI-E Dimensions

(UraniumeeeumedtO be 93.5%z35u,1.0% 234u, 5.5%2*u)

Dimensions - ~“eity~ E1”3 ~“ ~

Mrk 16 50 2.788 3.94 96.06

100 2.877 7.63 92.37

220 3.W 15.64 84.36

m 3.406 25.79 74.21

600 3.759 35.05 64.95

14srkVI-E 220 3.395 25.M 74.52
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: Grams 23%Per Foot



,...
(: NO. 341-20 DIETZGEN GRAPH PAPEI? EUGENE O, ETZECN CO.

,, 20 x 20 PER INCH , , M... ,. . . ,. A.
~

,’



341.20 D, ETZGEN EWAPH PAPER EUGENE DIETZEEN CO.
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Gr~.g 239Pu per Foot
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&eff -s sDARATION

3* k, 5CASKSLGTS1, 2,

m 16 DIMENSIONS

~ ASSEMSLYSEPARATION (TNCU} ~
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